Introduction
Spinal cord injury (SCI) is a complex medical condition that has long-term consequences, including paralysis, autonomic dysfunction, and decreased quality of life and life expectancy. Additionally, many people with SCI suffer with secondary complications, such as pressure ulcers, urinary tract infections, and pain, which not only have a significant impact on quality of life, but also result in frequent rehospitalization.
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Barrable et al the second most expensive condition to care for, after infant respiratory distress syndrome. 5 Despite decades of progress, SCI is still a complex heterogeneous condition with varying degrees of paralysis and recovery. Potential treatments involve surgical, cellular, molecular, and pharmaceutical therapies, although only surgical stabilization and removal of bone fragments and physical rehabilitation have been shown to be helpful for recovery from SCI. 6 Inpatient care is costly, and substantial recovery is unusual. 7 With such a serious costly condition and no obvious therapies waiting, there is considerable interest in and expectation of potential stem cell and neuroregenerative therapies, many of which have not yet been tested in humans.
The complex nature of the mechanisms and complications of SCI and the variety of physiological systems impacted also pose challenges for effective research, innovation, and development of therapeutics. The relatively small incidence of SCI in Canada means that there is limited financial motivation for private investment in research or development of therapeutics specific to SCI. As a result, research in SCI is often dependent on traditional public funders of academic research, such as the Canadian Institute of Health Research and the US National Institutes of Health. In addition, as with many conditions, there are a limited number of standardized best practices that exist for the care of people with SCI across the health care continuum (prehospital, acute, rehabilitation, and community). In many cases, standardized clinical practice guidelines that already exist lack widespread support, 8 fail in the absence of a coordinated implementation strategy, 9 or have some components that are not effectively used even after implementation. 10 These challenges must be addressed if improvements and cost savings in the treatment and care of people with SCI are to be realized.
It is estimated that only 14% of health-related scientific discoveries enter into medical practice, 11 and that it takes an average of 17 years for them to do so. 12 The process of moving research into practice, commonly described as translation, ie, "the conversion of basic science to patient benefit", 12 is so difficult that these obstacles to translation are often referred to as "valleys of death". 13 The term "valley of death" has been most frequently used in the context of product development, particularly concerning the transfer of innovation in pharmaceuticals or technology to describe "the gap between an idea's technical invention or market recognition and the efforts to commercialize it".
14 Two "valleys of death" are common in this context. The first occurs during the period of transition when a developing technology is deemed promising, but too new to validate its commercial potential and thereby attract the capital necessary for its continued development. 15 The second occurs when a technology has been validated in a clinical setting and even approved for market sale and use by regulatory authorities, such as Health Canada or the US Food and Drug Administration, but is not yet approved for coverage by provincial government or private plan payers. When the term "valleys of death" was first used in health settings, it was conceptualized as a single gap, describing obstacles to bringing treatment options for patients 16 from "bench to bedside". There are two "valleys of death" commonly observed in the health setting, ie, between basic and clinical research and development, and between clinical research and development and health care practice. 12 Challenges posed by these "valleys of death" include transitioning from traditional granting mechanisms to other investor sources, 16, 17 having the new innovation covered by insurers, securing stable funding for research, [18] [19] [20] and overcoming resource (funding or personnel) constraints associated with clinical practice.
Addressing these "valleys of death" has become a high priority in health research, because the failure to translate research knowledge effectively into practice is a major barrier preventing human benefit from advances in biomedical sciences. 21 In health research as well as health care outcomes, this inefficiency in translation of research knowledge may mean differences between life and death, and health and disability for patients.
Description of the model
SCI has acute and chronic effects on every physiological system in the human body, so requires a collaborative, multidisciplinary approach to both research and care. 6 Translational research has also been noted to be most effective using cross-disciplinary and collaborative research approaches that are not easily done in the traditional academic sphere. 20, 22 In the context of a strong interest among clinicians, researchers, and consumers, and a demonstrated economic rationale, the field of SCI research is primed for an innovative cross-disciplinary translational approach to move research more effectively along the continuum to benefit patient care, given the many obstacles and translational "valleys of death" described here.
The mission of the Rick Hansen Institute (RHI) is to foster greater collaboration across SCI communities and to accelerate progress toward a cure for paralysis after SCI. The organization acts as a catalyst for translational research, and brings together the best and brightest minds in SCI research, clinical care, and related services. The RHI was formed in
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2007 by a unique alliance of practice leaders and clinical researchers in SCI who found that the few funds available for SCI research in Canada were primarily directed to basic science rather than translational research informed by priority needs identified in the clinic. Furthermore, a need was identified to support all aspects of the continuum of SCI treatment and care, and to accelerate the development of new therapies with the goal of decreasing the time for research on these new therapies to be translated into real-life benefits. Basic scientists and researchers typically worked independently of one another, with no integrated national strategy or mechanism to collect and share data, set priorities, manage funds efficiently, or to standardize care across the country. 23 This lack of coordination in the field between patients, clinicians, and researchers resulted in suboptimal access to new innovations or best practice for people with SCI despite the amount of resources spent on developing those innovations and best practices. With feedback from its board of directors, RHI developed an evolving praxis model as an approach to overcome the translational "valleys of death" for SCI research (Figure 1 ). For RHI, the praxis model is defined as a mechanism by which research on the most relevant and promising therapeutic and medical device innovations for SCI, is examined, facilitated, shared, and supported to full implementation within clinical care.
Praxis, from the Greek meaning "doing," is one of Aristotle's three basic activities of humanity resulting from knowledge. 24 Praxis is described as "a goal-oriented action resulting from theoretical knowledge". 25 At RHI, praxis is the process by which research knowledge is mobilized to be put into practice and support translational research. RHI offers solution-focused tools to overcome specific obstacles in the research continuum of SCI discoveries to achieve the ultimate goals of improved health care outcomes for people with SCI, such as increased mobility and decreased rehospitalization due to secondary complications, with decreased financial impact on the health care system. In fact, this is how RHI defines a return on its investment: improved clinical, health, and psychosocial outcomes for people with SCI divided by the cost of developing and implementing the innovations that lead to improved outcomes.
As shown in Figure 2 , the praxis model consists of three essential components:
• a resulting coordinated program strategy, ie, the vehicle that transitions research knowledge into practice, and is focused on improving outcomes that benefit people with SCI and their clinicians • the knowledge cycle, ie, four interrelated steps conducted in the midst of development of knowledge that act as an engine driving the research momentum toward outcomes, primarily from a clinical research perspective • resources and infrastructure, ie, the tools to bridge the "valleys of death" by overcoming key obstacles that prevent research from reaching the bedside. At RHI, the coordinated program strategy is advised by a translational research advisory committee consisting of experts in SCI research, clinicians, and individuals with SCI to ensure that all RHI translational research programs are aligned with the mission and vision of the institute. This committee provides a peer-stakeholder environment in which all potential RHI-supported projects are subjected to relevance criteria, ie, a predetermined evaluation process that utilizes existing Canadian and international expertise in SCI to determine the relevance of the proposals to established priority areas, as identified in Table 1 . Such a multifactorial assessment ensures that RHI-supported projects have the closest possible match to the priorities of people with SCI and the best opportunity for improving outcomes in SCI. Therefore, projects supported under this framework have a better chance of making a difference to the health and well-being of people with SCI.
This coordinated program strategy is delivered through four core programs:
• Cure, focusing on generation of knowledge and establishment of treatments that will ultimately result in a cure for paralysis after SCI • Care, focusing on ensuring equitable and optimal evidence-informed care for persons with SCI and filling important gaps in knowledge related to SCI care 
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Barrable et al Haynes, 27 which in this case is discovery or clinical research evidence/knowledge, with a four-phase knowledge action cycle as follows.
Phase 1: an environmental scan determines and assesses the issues facing various SCI stakeholders, to inform research efforts and provide comparative baselines against which to measure success. At RHI, this is primarily undertaken through literature reviews and surveys.
Phase 2: generation and synthesis of knowledge facilitates studies that develop new knowledge in response to key clinical needs and the gaps expressed by SCI stakeholders. This phase involves testing hypotheses and investigating the feasibility of interventions and treatments. In this phase, RHI primarily gathers and synthesizes the existing knowledge that is essential to enable translational research, such as population health data on SCI or current health care outcomes.
Phase 3: knowledge validation verifies whether the new knowledge or practice has an evidence-based justification to • Consumer engagement, focusing on involving more individuals with SCI in research • Commercialization, focusing on facilitation of increased investment in the development of innovative precommercial therapeutics, therapeutics, medical devices, and diagnostics with application to SCI. Each of the four core programs has its own advisory committee comprised of individuals with relevant subject matter expertise.
However, the praxis model is more than just a collection of projects or programs. This model is an approach with the potential to be generalizable to other areas of health research, wherever key obstacles to translational research exist and create "valleys of death", thereby preventing health innovations from reaching patients. The praxis model can be thought of as a process of collaborative reflection, synthesis, and implementation of knowledge that links the funnel of knowledge production described by Graham et al 26 and
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Bridging the "valleys of death" in SCI research be implemented in the care of people with SCI. Verification may involve meta-analysis of evidence in the literature, supporting pilot studies, or assessment of the effectiveness of existing clinical practices. Several validation initiatives are underway at RHI, including assessment of existing clinical practice according to a standard in collaboration with Accreditation Canada, and supporting the development of SCI Rehabilitation Evidence, an authoritative source of rehabilitation clinical evidence and outcome measures 28 enabling clinicians and researchers to assess how effective their work is to improve the function and lives of people with SCI.
Phase 4: implementation of best practices translates validated knowledge into practice to improve the care of people with SCI. RHI undertakes implementation through several vehicles: development of continuous professional education modules, a knowledge mobilization network to champion implementation of validated clinical practice guidelines in SCI care, development of accreditation systems for acute and rehabilitation care, and supporting patient education by development of e-learning resources. The outcome of behavioral change in clinical practice is a long-term endeavor requiring many years of investment with careful and strategic implementation to achieve and maintain successful adoption. Therefore, RHI implementation vehicles consider the mechanisms of sustainability and challenges at an individual or organizational level that may come into play. In the experience of RHI, a combination of interventions is needed to achieve lasting changes at the levels of both patient care and systems. A final implementation vehicle, the RHI's commercialization strategy, focuses on making profitable matches between investors and innovators to facilitate the commercialization of innovations of benefit to people with SCI.
Although present as four discrete phases, one leading to the next, in reality, one phase looping back to the previous phase while proceeding to the next phase simultaneously is common. For example, new information generated from phase 2 could trigger one to go back to do further environmental scanning (phase 1) and at the same time, proceeding to phase 3 to validate this newly gained information.
The four-step knowledge cycle in the praxis model confronts many of the obstacles within the "valleys of death" by provision of critical resources and infrastructure for moving research knowledge and innovations through the continuum of research to outcomes: funding, clinical operations, informatics, research, consumer engagement, collaborative networks, and strategic partnerships. These essential tools are central to the praxis model and move a research discovery through the four phases of our knowledge cycle, and enable RHI to enter into any particular phase of the cycle to help overcome obstacles holding up promising research. See Table 2 for a description of resources and Figure 3 for the collaborative networks that the RHI fosters.
Performance measurement and evaluation
RHI has developed a performance measurement and evaluation strategy to assess the effectiveness of its praxis model. This strategy is based upon established practices, [29] [30] [31] and is in line with guidance from our Canadian federal government funders. 32 The theory of change elaborated within the RHI's praxis model has been summarized in the form of a logic model for the purposes of identifying results and associated performance measures. Due to the heterogeneity of activities in which the RHI engages, the logic model is designed to be simple and adaptive to all project contexts.
The outputs of the logic model correspond to the strategies of the RHI, ie, translational research, best practice implementation, informatics, network development, best and brightest, and consumer engagement. The immediate outcomes correspond to our program areas:
• SCI research accelerated toward cure • improved standardized delivery of care across Canada and internationally • increased development and commercialization of innovations • increased opportunities for participation in research and health decision-making among consumers The ultimate outcome of the logic model is encapsulated in the vision of the RHI, ie, a world without paralysis after SCI. At the output and immediate outcome levels, performance measurement data are collected primarily by project teams, and are aggregated in a central results database. See Table 3 for examples of performance indicators at the output and immediate outcome levels. Relevant performance indicators at the ultimate outcome level are continuing to be developed, but will focus on population health outcomes and systemwide cost savings, likely to be collected from the RHI Rick Hansen Spinal Cord Injury Registry (RHSCIR), 33 and health economic studies and independent evaluations sponsored by RHI.
Evaluations at RHI are undertaken within the context of the RHI logic model, and support efforts to understand the effectiveness of the praxis model. Evaluation of implementation activities is done through the lens of a comprehensive framework of implementation. 34 Evaluation of research impact is primarily done through case studies identifying specific changes brought about by the research, understanding that research can have disparate outcomes; for example, the results of research may influence policy decisions, may influence care in a clinical setting, or may accelerate further research. Within its current 5-year strategic plan, RHI will 
Praxis model in action for prevention of pressure ulcers
The praxis model has direct application in many research and intervention practices in the setting of SCI, including prevention of pressure ulcers. The development of a pressure ulcer is a common secondary complication following SCI, with a lifetime incidence of up to 80%. [35] [36] [37] Pressure ulcers often lead to recurrent hospitalizations, with average cost per individual with a pressure ulcer as high as CAD $4,757 per month 38 as well as a negative impact on quality of life. 35 Several factors influence the development of a pressure ulcer, 39 and some are preventable. If symptoms are identified promptly and treated appropriately, this economic burden could be reduced, with improved patient outcomes.
Several innovations for the prevention and treatment of pressure ulcers exist, and there is a solid body of evidence supporting practice in management of pressure ulcers; however, systemic, practical, and regulatory obstacles exist in implementing appropriate management. These obstacles represent "valleys of death" in the contexts of both basic to clinical research and clinical knowledge to practice. Researchers recently examined barriers to implementation of clinical practice guidelines in the management of pressure ulcers and found that the barriers included organizational factors, lack of education/training, and lack of resources, a need for better research evidence, and the complexity of the guideline design. 8 Prevention and management of pressure ulcers was identified by the RHI clinical network as a costly problem with clear areas for progress. Figure 4 illustrates the cycle of knowledge for pressure ulcers, which would fit within the praxis model after the clinical translational research and practice "valley of death".
Phase 1: environmental scan
Pressure ulcers are present throughout the continuum of care. Therefore, any effective plan must engage providers in acute, rehabilitation, and community care in order to prevent pressure ulcers and reduce morbidity. Members of the RHI clinical research network who are involved in rehabilitation services conducted the first ever national survey of Canadian SCI-related rehabilitation practice in order to obtain a snapshot of current SCI rehabilitation service delivery, care providers, and research capacity. A rehabilitation environmental scan atlas, recently produced for administrators, policy-makers, researchers, and clinicians, summarized best practices, gaps, and status reports on rehabilitation care, including management of pressure 
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Barrable et al ulcers. 40 The results found that SCI skin and wound care services in rehabilitation facilities varied widely across Canada. It was noted that the challenges of interdisciplinary teams have made evidence-based practice difficult and have resulted in individuals reverting to solo practice. This scan also noted several therapies well supported by research that were not being used in the management or prevention of pressure ulcers in patients with SCI.
To gain a further understanding of the current state of pressure ulcer management with respect to individuals with SCI, two national sources of patient data on SCI are currently gathering information on occurrence of pressure ulcers, characteristics, care, and patient experiences: the RHSCIR gathers data on pressure ulcers as part of its ongoing surveillance of individuals with new SCI, and the SCI Community Survey of individuals with SCI living within the community, 41 supported by the RHI through funding and clinical operations support, records information on patients surveyed regarding their experiences of pressure ulcers. These invaluable sources of data provide a "scan" or a picture of pressure ulcers in SCI in Canada to inform the next steps in the praxis knowledge cycle and move innovations into the clinical setting. Ultimately, these knowledge tools arm researchers, care providers, and decision-makers with the knowledge they need to identify areas in need of further research, issues in their own practice in need of improvement, and conversely, areas of excellence to be evaluated and shared.
Phase 2: generation and synthesis of knowledge
As environmental scans start to indicate the status and gaps in management of pressure ulcers in Canada, the focus must be on answering some of the key questions indicated by the clinical problem of pressure ulcers and must be synthesized in manageable and useful ways. To synthesize the current research evidence underlying interventions and treatments for pressure ulcers, the RHI has funded the Spinal Cord Injury Rehabilitation Evidence project, 42 which contains a systematic review of the management of pressure ulcers. In an effort to prevent pressure ulcers and improve treatment, RHI researchers worked with clinicians to evaluate the Pressure Ulcer Prevention Initiative, which screens and manages patients with SCI in acute care (Cobb et al, unpublished data, 2014) . Following this initiative, all patients with SCI are screened by specially trained occupational therapists. The goal is to monitor closely the incidence and progression of pressure ulcers, evaluate the effectiveness of interventions such as pressure-relieving mattresses, and report on the long-term patient outcomes following discharge into the community.
Furthering knowledge generation and synthesis activities for pressure ulcers, the RHI and the Ontario Neurotrauma Foundation have funded the development of the Canadian Best Practice Guidelines for prevention, assessment, and treatment of pressure ulcers in people with SCI. Additionally, the data collected in the RHSCIR study and the SCI community survey will be utilized to generate knowledge regarding pressure ulcers throughout the continuum of care.
Phase 3: validation of knowledge
Evaluating the therapies and tools developed within the generation and synthesis phase is an important part of the knowledge cycle. The uptake of new approaches requires validation within the SCI research field. After development of novel SCI pressure ulcer monitoring tools for rehabilitation and acute contexts, initiatives such as Pressure Ulcer Prevention Initiative will need to be evaluated as a part of the validation phase. This phase also involves piloting projects in new contexts based on previous research, including the pilot testing of a tele-health pressure ulcer clinic for individuals in remote areas to access specialized care. A knowledge mobilization network was also piloted as a means to develop and implement best practice guidelines for prevention, assessment, and treatment of pressure ulcers in people with SCI.
Using data gathered through the RHSCIR, a simulation model of the continuum of care for patients with traumatic SCI was created as a novel approach to look at the access and timing of care for traumatic SCI in Canada. 43 This model will be used to evaluate the impact of new policy initiatives on patient and system outcomes, and allows RHI researchers to test different strategies for management and treatment of pressure ulcers to estimate outcomes based on certain interventions. 43 The results of these simulations will be valuable when analyzing the direct and indirect effects of pressure ulcer initiatives throughout the care continuum and optimizing future decisions for people with traumatic SCI.
Phase 4: implementation
Patient education is an important component in prevention of pressure ulcers. A unique e-learning tool sponsored in part by the RHI, the SCI-University is a site featuring educational modules for persons with SCI. Part of this project involves evaluation of knowledge uptake, so that modules can continually be optimized for SCI consumer needs. In order to 
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Bridging the "valleys of death" in SCI research assist primary care physicians to incorporate best practices for SCI in primary care, the RHI's Actionable Nuggets program developed a series of information cards accredited as continuing medical education by the Canadian Medical Association.
The accreditation of health care facilities by a recognized body is a common approach to validate the implementation of best practices, and provides validation and credibility to institutions. The RHI has partnered with Accreditation Canada to develop standards and an accreditation program for SCI to target all hospitals and rehabilitation facilities providing care to people with SCI across Canada. This will be the first accreditation program for acute care in Canada, 44 and will integrate SCI-specific pressure ulcer guidelines into practice through accredited Canadian SCI institutions. Developing and implementing a standard of SCI care to be accredited in acute and rehabilitation hospitals throughout Canada is a key medium for implementation of best practices. This also serves as a vital part of the RHI's overall strategy to bridge the second "valley of death" by creating a network in which clinical advances can be disseminated and implemented across the country.
Once implementation strategies are integrated into practice, it is crucial to evaluate the acceptance of these strategies and report on the success of the change. RHI recognizes the importance of developing an infrastructure of leaders in knowledge translation for effective dissemination, behavior change, and promotion of uptake of knowledge and best practice guidelines. The knowledge mobilization network, whereby leaders work collectively to implement guidelines in real-world practice, will be used to assess the process of implementing pressure ulcer guidelines and evaluate the effectiveness of knowledge brokers on changing clinical practice.
RHI was in the best position to assume the leadership role in the development and application of the praxis model. The institutions and organizations within the RHI's collaborative network tend to focus on discrete areas of the continuum of SCI research and treatment, or have a specific regional focus (eg, provincial). The RHI takes a broader view, both in terms of the SCI continuum and from a regional perspective. Furthermore, the ability of the RHI to provide critical resources and infrastructure to its collaborative network and strategic partners enables it to direct how the resources are utilized. In other words, RHI is able to lead both the manner and process in which resources are utilized among its collaborative network. However, it was important for RHI to develop support among its collaborative network within the concept of the model and how resources would be allocated across the network. Therefore, it is critical that the praxis model is applied in a transparent manner.
Future directions
The praxis model has been developed and put into action by the RHI in an effort to bridge the "valleys of death" in translational research and ultimately improve the quality of care received by people with SCI. This is a constantly evolving model, which adapts with each lesson learned to better serve its purpose. At this time, there has not been a formal evaluation conducted to examine development, operation, and outcomes produced by the praxis model. Such an evaluation is planned for a few years' time in order to collect data prospectively according to the performance measures presented in this paper and evaluate the findings objectively. This evaluation will inform the operationalization of a model to bridge the gap in translational research in SCI, which could be adapted to work in other health research fields.
Conclusion
"Valleys of death" in research and implementation continue to limit the passage of research innovations into clinical or commercial use for the purpose of improving patient outcomes, and remain a critical obstacle to health research and patient benefit. RHI has developed the praxis model, an innovative solution to address these obstacles in translational research. This model is proving to be viable for bridging the "valleys of death" in the translation of SCI research. The praxis model strives to lead collaboration across the global SCI community through a coordinated program strategy (cure, care, consumer engagement, and commercialization), a four-phase knowledge cycle (environmental scan, knowledge generation and synthesis, knowledge validation, and implementation), and comprehensive resources and infrastructure (funding, clinical research operations, informatics, clinical research and best practice implementation, consumer engagement, and collaborative network and strategic partnerships). As the praxis model continues to be refined and implemented at the RHI, it may assist in prioritizing translational research and knowledge action cycles from basic research to clinical settings and from clinical research to implementation and adoption of practices, as well as informing more appropriate policies. These latter areas will capture the change in practice behaviors and improvement in the outcomes for people with SCI. It is also proposed that this praxis model may be transferable and applicable to other organizations dealing with similar translational research challenges regarding "valleys of death".
